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FOLIAR FEEDING OF ESSENTIAL NUTRIENTS TO PLANTS 


By James W. 


Schwartz 


1 / 


Recent energy shortages have focused attention on the possibility of 
supplying part or all of the plant nutrients to aboveground plant parts. 
Environmentalists believe that foliar feeding can reduce leaching, runoff, 
and general inefficiency of soil-applied fertilizers. The practicality of 
foliar feeding based on today's utilization of water-soluble fertilizers 
and routinely used pesticides is discussed in this report. Although the 
trunk, stems, buds, flowers, and fruit absorb nutrients, the foliage 
generally constitutes the largest absorptive surface and justifies the term 
foliar feeding. 

Reports of substances applied to the trunk and limbs of trees began 
appearing over 150 years ago (7_, 9_, 13 ) . — Development of radioisotopes in 
the mid-20th century furnished much needed tools for more in depth studies of 
the absorption process. Some excellent reviews and discussions of foliar 
feeding have appeared in recent years (3, 11, 19, 26_, 27) . 


NUTRIENT ABSORPTION AND TRANSPORT 

Several theories have been proposed to describe the mechanisms of foliar 
absorption. The problem is to determine how nutrients are absorbed by a leaf 
that is covered with a layer of cuticle generally considered impervious to 
liquids. Some investigators attribute absorption mainly to passage of 
substances through the stomatal pores (2, 8_, 28). Structures called 
ectodesmata were identified as pathways for absorption by other researchers 
JJL) • More recently absorption has been described as taking place 
through pores, holes, or channels in the cuticle, with some researchers 
suggesting that the pores or holes are electrically charged, accounting for 
the selective absorption of compounds (5, 1 j6, 21) . 


1/ Agronomist, Plant Stress Laboratory, Plant Physiology Institute, 
Northeastern Region, Agricultural Research Service, Beltsville, Md. 20705. 

2j Underlined numbers in parentheses refer to Literature Cited at the 
end of this report. 
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Agreement has not been reached on whether foliar absorption is a 
passive or active process. Whatever the process of absorption, the nutrients 
o e utilized must be transported to other plant parts. The rates of 
absorption and transport are different for each element and for each croD 
species. When applied in foliar sprays to 'Blue Lake' bean plants, urea 
m rogen, potassium, phosphorus, and sulfur were considered mobile zinc 
copper, manganese, iron, molybdenum, and boron intermediate, and calcium and 
magnesium immobile (4) . Environmental conditions such as temperature and 
umidity also affect the rates of absorption and transport. 


MACRONUTRIENTS 


fro., thrsoir qU S! 11 nU “ lmt 14 “hlch are normally obtained 

■ H ' elements are broken down Into macronutrients and 

cronutrients depending on the amount required for growth. The six 
macronutrients and the amounts (p/m) in plant tissue^re « follows: 
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Phosphorus 


pplying phosphorus in a foliar spray to plants avoids fixation of 
phosphorus xn the soil in unavailable forms. Foliar feeding of phosphorus 
to such crops as corn, tomatoes, and beans generally increases its efficiency 
up o xmes greater than in soil applications, but repeated sprays are 
necessary to maintain growth. For many crops the optimum temperature for 
uptake is 21 to 30 C, with higher or lower temperatures inhibiting uptake. 


. to five supplemental sprayings of phosphorus applied to sugarcane 
failed to increase yield or quality of sugar content. Foliar sprays of 
phosphorus can be used to correct its deficiency in fruit trees during 
stress periods but cannot supply all the phosphorus needs of a tree. Foliar 
sprays of nitrogen, phosphorus, and potassium at 1.5 percent solution 
increased photosynthesis in sugar beets by 30 to 60 percent for 1 to 2 weeks 
after treatment ( 6) . 


Potassium 


foliar applications of potassium to beans and tomatoes are utilized most 
effectively at 25 to 30 C. Beans retain more nutrient spray and absorb it 
faster than the tomato plant ( 24 ) . Foliar sprays of potassium can be applied 
to dormant fruit trees but generally are useful only in critical situations. 
With most tree crops the total amount of potassium applied to foliage is 
considered minor compared with required amounts derived from the soil. 
Potassium applied to leaves of some vegetable crops increased dry weight when 
low or medium rates of soil-applied potassium were used. Generally a 
0.5 to 1.0 percent solution of potassium sulfate is effective and three to 
five sprayings during the growing season are necessary. 


Calcium and Magnesium 
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to 3 years to be effective. Temporary control of the deficiency can be 
effected by foliar sprays of magnesium sulfate. 


Sulfur 


Sulfur compares with phosphorus in mobility in the bean plant. Foliar 
sprays of sulfur can be used as a supplement to soil- and atmosphere-derived 
sources. Sulfur is very mobile when first applied, but it is rapidly 
inactivated by metabolically active young leaves. Sulfur dust applied to 

of the a frulff2?r n fff " asabs ° rb «< utilized, increasing the quality 
rruit (£5 ) . Sulfur deficiencies become more widespread as high- 

analysis fertilizers are used that do not have sulfur as a contaminant. 


MICRONUTRIENTS 
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the deficiency and increases yields in some instances. A wetting agent with 
the foliar sprays is essential, along with early spraying of plants. 

Leaves of cotton, beans, and sorghum treated with iron‘d an d then 
autoradiographed showed that iron is reasonably mobile, being transported by 
the phloem and xylem to young growing tissue. Iron deficiency chlorosis of 
soybeans can be corrected by foliar sprays of iron at 0.1 pound of iron per 
acre with a wetting agent to assure even coverage. The best t im e for 
spraying is as early as possible after chlorosis is apparent. Soybean 
varieties differ in susceptibility to chlorosis and resistant varieties 
should be selected. Corn transports foliar applied iron very slowly; 
however, growth regulators can increase the mobility of the absorbed iron. 
Isolated cells of tobacco absorb iron best at 25° C; young leaf cells absorb 
iron most effectively. 

The first large-scale users of foliar feeding were pineapple growers 
in the Hawaiian Islands. The pineapple crop is routinely sprayed with 
ferrous sulfate to alleviate iron deficiency. 


Zinc 

Soil zinc is pH dependent with a hundredfold decrease in solubility for 
each unit increase in pH (20) . Consequently, liming acid soil can produce 
deficiencies requiring zinc fertilization. Also, organic soils and eroded 
or leveled soils are frequently deficient. Soil applications of zinc may 

need to be repeated every 5 years, as many soils fix the zinc in unavailable 

forms. 

Since zinc is more mobile in the plant than iron, foliar sprays are 

longer lasting, requiring fewer applications. A wide variety of plant 

species has been successfully treated with zinc sprays. 

Frenching or mottle-leaf of citrus trees is attributed to zinc 
deficiency and is easily corrected with foliar sprays of zinc. Grapefruit 
trees and orchards in Oregon have also been successfully treated for zinc 
deficiency with foliar sprays of 0.5 to 1 percent zinc concentration. 

For field beans, one or two sprays of zinc sulfate at 1 pound of zinc 
per acre is effective. For best results, the zinc should be applied as 
soon as possible after deficiency symptoms are seen. One to three foliar 
applications of 0.3 to 1 percent zinc sulfate solution to corn will 
correct zinc deficiency and may increase yields depending on the severity 
of the zinc deficiency. Zinc deficiency symptoms of tomatoes can be 
corrected by adding zinc sulfate to the transplant water. To correct 
deficiencies later in the season, zinc sulfate sprays are sometimes used. 

Zinc— deficient wheat can be treated with foliar or soil applications of 
zinc sulfate. Foliar sprays of zinc sulfate at 0.3 to 1 percent concentra- 
tion at tillering stage are effective, requiring 5 to 20 percent of the 
amount applied to the soil. 
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Copper 


Copper is pH dependent in the soil and is about the same as zinc; 
however * copper deficiencies are not as common as zinc deficiencies* 

Many of the sprays used to control diseases contain copper* Where pesticide 
sprays are routinely used* copper toxicity can become a problem* However* 
in citrus plantations* copper deficiency leads to a condition called die- 
back* which can be corrected with copper sprays. Young apple trees with 
symptoms of dieback or withertip can be treated with a Bordeaux mixture 
of 4 pounds of copper oxychloride per 100 gallons of water. A copper 
sulfate solution of 1 to 10 pounds of sulfur per acre corrects copper 
deficiency in wheat when applied in a foliar spray. A direct spray on the 
plants at critical stages of plant growth is recommended* particularly at 
flowering. 


Manganese 

Manganese deficiencies usually occur on high pH soils that are well 
drained or soils with high organic matter. Correcting manganese deficiencies 
by lowering soil pH is difficult* as is adding manganese compounds to the 
soil. Foliar sprays of manganese sulfate are often very successful. 

Manganese deficiency of soybeans can be controlled by foliar spraying with 

1 to 5 pounds of manganese per acre. One to three sprayings may be necessary 
and the varieties may differ widely in response to the spray. Soybean plants 
that contain less than 20 p/m of manganese will probably respond to foliar 
applications of manganese. Oats can be treated for manganese deficiency with 

2 pounds of manganese as manganese sulfate in 15 gallons of water per acre 
at critical stages of growth. Plants containing less than 25 p/m of 
manganese at the boot stage will probably respond to supplemental manganese. 

Repeated sprays of manganese sulfate are necessary for continued 
correction of manganese deficiency of cereals* beets* and peas. Spraying 
wheat* oats* and beets as soon as deficiency symptoms are apparent will 
give best results. For peas* two sprayings at time of flowering will help 
control marsh spot. Sprays of 1 pound of manganese per 100 gallons of 
water are effective for manganese deficiency of orange trees* sometimes 
increasing yields of oranges over 20 percent. 


Boron 

Because drought decreases the availability of boron in soils, foliar 
s P ra ys are sometimes useful. Also, boron can be combined with other spray 
materials and save time and money. However, several sprayings are necessary 
as the mobility of boron in the plant is considered intermediate to immobile. 


Experiments with cotton in which foliar sprays are compared with soil 
fertilization showed that no one method was consistently better and 
suggested that the boron application be combined with other materials (18). 
Boron deficiency in pears resulting in twig dieback and blossom blast c^ 
be controlled with a fall application of foliar spray at 1 pound per acre of 
boron. Controlling boron deficiency in orchards of the Eastern United States 
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has been demonstrated by utilizing foliar sprays. Success has been reported 
with 4 pounds per acre of sodium pentaborate applied 1 to 3 weeks after 
petal fall. 

Studies on tomatoes and cantaloups showed that foliar sprays of magne- 
sium sulfate at 4 pounds per acre and borax at 2 pounds per acre were 
beneficial. The authors (23) recommended two foliar sprays for cantaloups , 
the first one when the vines begin to run and the second when the crown 
fruit is 1 to 2 inches in diameter. For tomatoes, the first spray should be 
applied when the crown fruit begins to turn and the second at the third 
week of harvest. They reported an economic return of $37.44 per acre 
based on foliar feeding. 


Molybdenum 

Molybdenum deficiency of crops is worldwide and is especially common in 
legumes. Since molybdenum is less available in acid soils, applying lime 
will increase the supply of molybdenum. Foliar sprays are effective for 
correcting this deficiency even though molybdenum is only slightly mobile 
in plants. The very small amount needed by plants probably accounts for the 
effectiveness of sprays. Since excess molybdenum is highly toxic to live- 
stock, care must be exercised not to overapply this element. 

Citrus trees in Florida responded to foliar sprays of sodium molybdate 
or ammonium molybdate at 0.1 ounce per 10 gallons of water per tree. 

Canning peas, sweet corn, and red clover showing molybdenum deficiency 
symptoms have been successfully treated with a foliar spray of 2 ounces of 
sodium molybdate per acre (15) . Experiments with soybeans on Georgia acid 
soils showed seed treatment was better than foliar spray. No response to 
molybdenum was observed when more than 0.2 pound per acre was applied. 
Subsequent research by the same author ( 15 ) and others (1L, 22 ) indicated 
that there is very little difference between seed-treated and foliar sprays. 


SUMMARY AND CONCLUSIONS 

Foliar sprays can be useful for supplying nutrients to plants in many 
different situations. Their success will depend on such factors as the 
weather, type of nutrient compound used, method of application, and concen- 
tration of the element. These factors are different for each plant species. 

The macronutrients are required in large quantities by plants. Conse- 
quently, attempting to supply all the nutrients by foliar sprays is usually 
impractical. However, in periods of stress, such as cold, drought, disease, 
pruning, or other injury, foliar sprays of nitrogen, phosphorus, and 
potassium can be useful for temporary supplemental nutrition. 

Calcium, magnesium, and sulfur are also useful for stress periods. 
Magnesium sprays are especially useful for controlling magnesium deficiencies 
in such crops as apples, celery, tomatoes, and grapes. Soil treatments are 
also effective for controlling magnesium deficiencies but usually require 
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up to 3 years to be effective, whereas foliar sprays are effective immedi- 
ately. When foliar sprays of macronutrients are used, many plant species 
suffer leaf burn. For tree crops, leaf burn can be avoided by applying 
sprays to the dormant tree. s 

The .micronutrients show more promise for foliar sprays. These elements 
are required in smaller amounts, and less repeated sprayings are necessary to 
maintain nutrient balance. However, the range between sufficient and toxic 
is narrow, and care must be exercised. 

micronutrients iron, zinc, copper, and manganese decrease in 
availability from the soil as the soil pH increases. Consequently, when soil 
is overlimed, a practical method of overcoming deficiencies is through foliar 
sprays. This is especially true for iron and zinc. Large quantities of 
these two elements added to the soil are usually ineffective in correcting 
deficiencies. Many pesticides contain copper, and deficiencies of this 
element are not as common as iron or zinc deficiencies. Boron sprays are 
especially useful during drought, when availability of boron is low. 

Repeated sprayings are necessary, as boron is only slightly mobile in the 
plant. Molybdenum is also only slightly mobile; however, the requirement 
is so small that foliar sprays are usually successful. 

Foliar applications of nutrients must be coupled with intensive high- 
level management « Plant tissue should be analyzed continuously for 
nutritional status. A need for supplemental foliar sprays should be clearly 
established before they are used. The soil will remain the principal store- 
ouse or nutrients, with foliar sprays being used for supplemental fertili- 
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